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Abstract—A low-light image enhancement is a highly de-
manded image processing technique, especially for consumer
digital cameras and cameras on mobile phones. In this paper,
a gradient-based low-light image enhancement algorithm is
proposed. The key is to enhance the gradients of dark region,
because the gradients are more sensitive for human visual system
than absolute values. In addition, we involve the intensity-range
constraints for the image integration. By using the intensity-range
constraints, we can integrate the output image with enhanced gra-
dients preserving the given gradient information while enforcing
the intensity range of the output image within a certain intensity
range. Experiments demonstrate that the proposed gradient-
based low-light image enhancement can effectively enhance the
low-light images.
I. INTRODUCTION
Low-light image enhancement is a highly demanded image
processing technique, especially for consumer digital cameras
and cameras on mobile phones. A histogram equalization [1]
and a non-linear tone curve adjustment are widely used simple
algorithms. Recently, several sophisticated low-light image
enhancement algorithms have been proposed [2], [3], [4].
Those algorithms are basically intensity based correction al-
gorithms. A gradient-based image processing frameworks have
been proposed as new image processing approaches [5], [6],
[7], [8], [9]. The gradient-based image processing is becoming
a powerful tool because the gradient is more sensitive for the
human visual system (HVS) than the absolute value.
Then, in this paper, we propose a gradient-based low-light
image enhancement. The gradients of a dark region tend to
be small. The problem comes from those small values of
gradient, because those small values of gradients are difficult
for the HVS to recognize. Then, the basic idea of the proposed
algorithm is to simply enhance the gradient of the dark or the
low-light region. In the proposed algorithm, the gradients of
the input image are firstly extracted. Then, the gradients of the
dark region are enhanced. The output images are generated by
integrate the enhanced gradients.
One of advantage of the gradient-based low-light image
enhancement is that we can simultaneously apply the gradient-
based filtering such as edge sharpening and smoothing. On
the other hand, the gradient-based image processing has
drawback such as the intensity range of the output image is
unknown before the integration or the output image generation.
Therefore, in many existing gradient-based image processing,
the intensity clipping or the intensity rescaling are implicitly
applied after the image integration. The intensity clipping
yields a saturation and the intensity rescaling leads that the
enhanced gradients are weaken. In order to overcome those
problems, we involve the intensity-range constraint for the
image integration [7]. The image integration with the intensity-
range constraint can preserve the gradient while enforcing the
intensity range of the output image within given specific range.
The experiments demonstrate that the proposed gradient-
based low-light image enhancement can effectively enhance
the low-light region or the dark region.
II. PROPOSED GRADIENT-BASED LOW-LIGHT IMAGE
ENHANCEMENT
Here, we focus on an image processing of a gray image. For
the RGB color image, the color image is firstly converted into
the luminance-chrominance color space. Then, after luminance
component is processed, the chrominance components are
added to produce the processed RGB image.
Figure 1 shows an overall image processing pipeline of
the proposed gradient-based low-light image enhancement.
First, the pixel intensity differences of the horizontal and the
vertical adjacent pixels of the input image are calculated as
an approximation of the gradients. The calculated gradients of
the dark region are enhanced as follows:
qh(x) = fh(x) · L(f(x);β, τ) , (1)
qv(x) = fv(x) · L(f(x);β, τ) , (2)
where x is the pixel position, f(x) is the intensity of the
input image, fh(x) and fv(x) is the horizontal and the vertical
gradients of the input image, qh(x) and qv(x) is the horizontal
and the vertical enhanced gradients, and L(f(x);β, τ) is a
enhancement function, respectively. In this paper, the enhance-
ment function is designed with two parameters β and τ by
L(ξ;β, τ) =
{
β−1
2τ2 ξ
2 − β−1τ ξ + β (ξ ≤ τ)
1 (ξ > τ)
, (3)
where ξ is the pixel intensity. This enhancement function
amplifies the gradient β times if associated pixel intensity
is zero. The amplification ratio for greater than τ value of
intensity is one. This enhancement function is designed, so that
the amplification ratio is smoothly decreasing from intensity
value of zero to τ . In this paper, the parameters β and τ are
manually set. The adaptive design of those parameters will be
included in our future works.
Optionally, we can insert any kind of gradient manipulation
before the image integration. Once we obtain the enhanced
gradients, or the desired gradients, qh(x) and qv(x), we can
generate the output image by integrating those gradients. In
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Fig. 1. Image processing pipeline of proposed gradient-based low-light image enhancement.
this paper, we follow the integration process with the intensity-
range constraint as in [7]. Those process can preserve the
gradient information while enforcing the intensity-range of the
output image within the specific range which is 0 to 255 for
8-bit image. For the detailed integration process, please refer
the paper [7].
III. EXPERIMENTS
Examples of low-light image enhancement results are shown
in Fig. 2 1 We picked up several low-light images from the
web page [10]. Here, we compare the proposed algorithm with
histogram equalization by photoshop, Matlab HDR (High-
Dynamic Range) image tone mapping, and LIME [3]. We
simply applied the HDR tone mapping to enhance the dark
region, although the input image is normal 8-bit image,
or the LDR (Low-Dynamic Range) image. For comparison
algorithms, we applied default parameters. For the proposed
algorithm, the parameters β and τ are set 15 and 50 for 8-
bits image. Those comparisons demonstrate that the proposed
algorithm can effectively enhance the low-light images. For
example, the results of LIME [3] in Fig. 2-(d) include some
saturated regions like sunlight in left image and text of book
in right image, while the results of the proposed algorithm
in Fig. 2-(e) can enhance the images without such saturated
region.
IV. CONCLUSION
We have proposed the gradient-based low-light image en-
hancement algorithm. The key idea is to enhance the gradient
of the dark-region. In addition, we have incorporated the
intensity-range constraint for the image integration with the
enhanced gradients. The experiments demonstrate our simple
proposed approach can effectively enhance the low-light im-
ages. Our future works include adaptive parameter tuning.
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